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ABSTRACT 

PROBLEM TO BE SOLVED: To increase the number of the electrons emitted from 
a semiconductor device with stability. 

SOLUTION: A needle emitter electrode 5 has a leasing end surrounded by an 
enclosure emitter electrode 9 with crown-shaped edges 13 and 15, which 
serves as electron emission surfaces together with the needle emitter 
electrode 5. Instead of the enclosure emitter electrode 9 or in its outside 
may be installed a conductive film for drawing the electrons. The 
conductive film is surrounded by a focusing electrode. The needle silicon 
body is surrounded by a conductive layer to form a mountain-like structure 
of which summit is removed by etching. 
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M:0 



MESHES :x*®i<Dj§B £55 4>#< tt~l©i 

[IS#ig 5 J m*a 4 (ci24goS^»Wffl¥^<*:^E 
T, 

WES'!) 3y#N*#©ffiB£55'>fc< t t>-fi©^ 

Sr. 



k 1" 5 m^&lijffl ¥3J#£B OK HDMfe. 

ttGtM BiHm&tt. MGftHfrc $ * mm &J& Btf 
fiJi5S±^mKS55>«r^ f- «fc *) 5 1 $ , 

[5t#^ 1 0 1 ffi #JS 9 £ra0tt?ttUVB¥3tt§g; 
[K*^ 1 1 ] S5#Jf 6 ~ 8 <OV>-f HiJMcSE^a^- 

m*m 1 2 ] fji#>f 1 1 ciB«©STFttfflffli|£^fl: 

temmZfr UTSfrfB®^9lttl UBS££5;>By©#fJ3B 

[B#« 1 3 ] gf*J§ 1 2 \cRM<DQ*fotiim¥m# 
«EB©i!3»**te*jv^r, 

®#«B««K«:«vHft«*T»M»*i-6ri:fcJ:D, fid 
[000 1] 

-f^^^^«Cffl^^&i^6«^•ttafll^N«^3!iBi3J:0^ 
[0 0 0 2] 

izm^zkwz, 'brnM^axx^mmmv 1 
0 1 «71kiti»?oftBM4:t£tE«Ht& trws P 

i n d tSfig^Sr^LT^^,, 5fe«*5t(WlJ/i*ig«:^3i 

(y-ht&m t>>b<omft&'pi££ix^?.y?ii)m& 

[0 003] etJxtfm^fflljl^iSr^y y Y**AS?4 
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£i*r£ 0 V^;b»$>£ FED (Field Emission Display) Xh 
[0004] 

[0005] ia>ut#b, aifc** 

. [0 0 0 6] *fc«^*ffl**fcBU S^?r»cffi1-^>fc 

[ooo7] $ e> Ka^awsmcr*, B^ottm^ 

[0 0 0 8] ^Wtt±E(WilC«*T4*ttfctfl!)-T? 

[0 0 0 9] #3S9l<OftecOB«jtt, a^ttUJOfcft^JE 
BBE«HMTOtt¥«fl«B*£ft'f S Zk\chZ 0 

[ooio] *5&m<D£t>\cm<D&m*. m+vfamx 

[ooii] *fc*»w©S&fctt<oitttt, ±jfitfe 

[0 0 12] 

[HUBSr«Bfci-5fc«xo^a] (l) ±EBtt«r«iai- 

^ *s«<*>hh*:B5*j>*< t t>-ficD2gmK-c 



[0 0 1 3] *J6WlcJ:ixtf, =>«-«fl:ojail8r 

«**w*r5fc£flrr* * t tic, «^*mafr«*-j-« 
[0014] *»w<o-ffi«o®^acfflffl^*sss 

mxmj&ztiitm+mmismmmk. t^tr. 

[0 0 15] «8Wc<fcfttf, ^Sj^BffifcB-J^lffl 
5 y*««<B«Bfc:* l/tORfl: 

[0 0 16] *»WcD-ffi»om^»:Wffl#«ft:»B 
[0 0 17] *JMJfci*i«, *?3IHiUHtfR0jlB 

fc3Uk«r»«-et5. £ftlcJ:9B£mB«>eB«:HS 

[0018] (2) *»nom^ttU)ffl¥«(mBoi[ 

l&tbJMb* (WW 9 3^«-«*OHHSrai5*ft< 
fcfc-B©»BB»«R*»j*+«Xfii:, HME^Sa 
^*^*meftMBtt«*?R 5 OiJWBJSlcjsrt S« 

£*5XSi, £^fr 0 

[ 0 0 1 9 ] L< tt, ffiBB±0WttKtV»«rg** 

[0020] *%w<o-mmcm^x % MctfjnB«a 

BtL-C»rtSn, ttEB±9BRB»fr3:y^^^K: 

[0 0 2 1 ] *»W<D-JB«^v%"C, AtlB«fjaB3a 
■»«^9IULBBB£:LT*A$tt«. #*L<tt, 
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[0 0 2 2] *38Wfc:J:tuf, ixy 3>*f-tttt&«UB 
3TC* So 

[0 0 2 3] *fc*38WlC*3^T, ^Jayttftftli, 

»K*fcttvy 3^JBSrK»*Ut**tt^y^v^i-6 

fc^flK&ft-CifcSo £ftfcJ:0$fcSas&ofctofiv^ 
ttfttfWfctiS. «H*ttOTT*'<* ht>*t<TtSo 

rias-c#s 0 

[0 0 2 4] 

[0 0 2 5] <3«B8flBl. >0 2tt % #H*fcJgi&tf>« 

[0 0 2 6] £f#^ $ y^tSSOHl ttttHR 7 
LTttB*5y*«B9*BMtTV%ft. 0»;ttfJJ&»K 

[0 0 2 7] l&&&7(DJbSStt, Wttx^y^gisio 

tttt 5 UC^S. <:LTSB^Sy*««9 

©5fc«tt5SO»»tt, tf*i^^«g5toB|i:BMI 
1 1 khttXWLVt btiX^h. roBtlBl lfl, 
S «t o Ict&BR 7 <o— a Zf&3z-f S C £ ■e*j*T?# So 
[00 2 8] 4fcSB^y*«ffi9^te««tett;. 2 

o<o y y^©s*xjp5;i 3. 1 sasjg/SSHT^ 
60 a«xyi;i 3, 15lt ^timsixv^i 
ffi9©^ja^j;t;rt»icfioTjgfiK$^r^5. 



3> 1 5tt % ftJ6i--5J:5l^ SB*5y#«B9<B£ 

[0029] i/)) = >mwii<D±m£te s mm 

[0 0 3 0] 03 (a) , 03 (b) tt, £*±<D®^£fc 
*t#«)«rtffilSr«UT^5. 03 (a) IC/^t J; 9 

y-hms (*?9khubwe) ointoBpfm 

fc^tu-PttilBOfl^ttHi^Sr^i-a. 0 3 (b) 

SjWBBSJxS. « J f*W»^^b»WS*Lfc«^lcJ: 
Id, ±E»#W*>ftb 0fcT / - K«B*»rt1-S r t 

[0 03 1] ^%lk»B«>^#SBK:J:ntf, tHfcr 

r^l3, 1 5*ss-^ftWBtLT«MB+S. Lfc#o 
r, loo«^tttii*^o»^A«Bttafc9«)«7lie 
HJBfflaSitJOU «^ttffifl*»aoU fttti 

«Bt«lEfl7*-8 - * So 

[0 0 3 2] 04-06 £#J$U *HlS*ttO 

^WiWgBoJfiB^tto-WSrRWi-a. ft*, £X;g 

[0 0 3 3] *iafc»tt^ttS^ ftffliR^ 0S«|cffiB 

* y *w&i>mmcm^z. t &mmx& v . 
z <o&w:%f&£ h^mmft ztnmc lx 
#<<>hxhz> 0 zcd&^ml, *an#r*, mwm 

ftmfeimwiMf&-rz> 9 4*5, ±E»«-ttttfi*3j:t/* 

*i«r«v^fcip»«cKBo«ffilco^-Ctt, *W^A(-J: 
S^P¥1 0-3 1 3 9 7 6-^tC§B^$nT*9. ^CO 

[0 0 34] (1) -05CDX^ (5) tt, 

[0035] rop*>xs (i) - (3) -m. v^yn 

So IS (1) -CWU nSS iSfi ffKft!)^ p = 
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0. OllQcm, !S3XlO l8 cm" 3 ) (C50 
nm(0jR«ftR«:BKfiS-frS o Xg (2) T?tttt*4r>f 

*ya-A-r*o ^vaA&ttfc, aoa^ymf- 1 o 

OkeV (Rp = 0. 22/im) % K-XfttlXlO 
1 6 cm" 2 "?**. Xg (3) -CWt, 1 0 0 0t v 6 

So 

[0 0 3 6] xs (4) - (5) -m, ±ie<os iWb 

d*«r«ffl UTS' 9 a i^ttteft «r#riW-S. XS 
(4) -Cf*. *✓ J a vtt«WI»WL«:v«iComs 

xm (5) -ett:, s i n£-^** t itvy^y 

0 o K^xyfy^tum NF 3> HBr, 
WIMfc5fctf>fci!>2 0t(DBHF-C3 OlWBJsy h=ty 

[0 0 3 7] 6Lkfcj:!> % #*icfc<\ ft«as£oT*3 
6o B4tf>«-CHt, ft©a*Og#»0. 3 5 Mm, ft 
it («E«it) MB 7. l^W, ay^V^ttKio 

[0 0 3 8] Xm (6) - (1 0) -0f±, ±iao 

[0 0 3 9] X@ (6) fit ^ya^HMftA^IMK 

*aa*#tLTWt. S£{b*&£ft9 0 0 
U BMbWrBBttl #Hftia^Vni^c=y* (tK 

fit, *-*3lttlUB«* tr^rittftWR 
[0 0 4 0] xm (7) -m, ^©iv^ts-e 

Rt?iBo^UjJg«5tS:#*, *Satog«-Ctt, MJECV 
DjfeJC^o-C^Jgfi^y ^ :/£*£«$-££, £IJ¥te4 0 

k— :/ (MR) 1-60 j xomm* 1 0 2 1 c m 

[004 1] Ig (8) -CI*, i^y 3V«-ttJBffiOBS* 

J: 9 fc*=F »< ft 8 J: 5 ftftft-Ci/^ tf^WS 
i^* MMStti 1 c po«Bip»tt«©t>o-e* 
9, *fcr^0(Efttt5 3 5 0 r pm-e*>* 0 rr-ef±. 



10 0 4 2] -fftbt,, Mctt* *®ttttlc± 

t«BBJ:9t>/hS<45. 

[004 3] *3ttBMre«u '/lis y*Hft***1Hc 
* MWi_L;frfcfT< liif»< ft£ 0 

[0044] se>fcis (8) -chu 7tMiy^77 
[0045] ieicf*), xs (9) -cwt, ftMA^9 

80 LTtt, C 1 2 ^HB r Srffl^*. i/y 

[0 0 4 6] 18 (10) m h&**n*jfe 

(2 5 0nm<D»»ffc;K<O3iy^^ttai$n) ffe 
80 

[0 0 4 7] XS (9) - (10) (CT, tf«M*<:1k 

<9 Hors y ^^a©n»jftatt3i y a ytw 

JSfilC^SttSc aty^^-Ctt, *JISfivy=>^<0 

©«H-c^y^^^©itfird5*65 0 -toll*, IS^coj: 
5 K: 2 otos^^ y ^^^i y ^^^««o^JR« XV ft 
MKftoTMt£*iS. i-ftt>%, **S*'>y=»v©^ 

[ 0 0 4 8 ] H 7 tt, ±l5(D^ife^^S! Lfc^flC*^ 

[0049] k±icrm Litx 0 k s *mmwM<om& 

ttKLktitii, i/y 3>«-tt«:<0HBI«r»«iB[-e«5aJ 
■T8ttt>l-, y9WmteMV&>*?*Jim 
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[0 0 5 01 ftfc#SHg?&IB-ef±> *>V 

ioo5i] ^nmmmtt. *&w<D&mft-c&m\z.& 

^y-CfcJ;V\ *R&BB-CMU tMfc*Sy#« 

s 5 1 sh* $ * * mm 9 ©rbic&br 7 jWRt* p>Ht 

v*S. c©&£©Rtt^y =^fc«j-cfc£<, 
IW-C*<Xt>J:v\ fcfcUWIRBB-CH:, -LtB©B 

[0052] #SMto8ffi-Ctt, lo©Jg©£H:r. 
5 y *RB9#R»t&*vC^5. L*»U«*S>B»B© 
Sffl*5s'^®fii9iSR»te>n-Ctiv\ #Blctt, B9 

«i frb , MM f y = v-cg? ton*: uuhn* £ 

[0 0 5 3 J *fc#5SB^Brf1MKL;fc«*»Clii3tH-© 

^©B*&&fflL^^4fcS£=-7V V^-fSrfcfc 

E*T©B©fS»«a§fc*$i >r t>P]«T-fc 5. 
[0 0 5 4] <H!£^2. >EI8tt, #*l&Jgf§©^ 

ft* ±&0£&BB f: SsfcttlcnReRB**' LT V * 
5. R£#Bt>* ll4~|g6&#l»aLTf)i93L;fc±3£© 
Sdt»»t**«lteW&"C*>6. fc*TU ±i&©SSJ6^ 

B W- KBB) 2 l £ urmtEi-5„ **Uc#v\ a 
*§IBUII«fi2 1 fcLTiMMeEB (H**f) 

^-vnv^ictojgfie^nrva. *fcs?ifejgf§i © 

J:5<t£tR±lS5©-y-HmStt^F5g-C*>0, -t UTS' U 
avBBfcfflBtfRttfefvCWjK-CJ:^. 

[0055] ^mmmmcxtiti. mm s 

fcB : HlfflWflBB2 1 i: fc#-C* 3. 

£BR7 0>RffMBlcj:o-C&£lcRSn£R 08*91 



ffi-e*>*. *LTBBRIE«©B»u:.fc»K ft+Ztiitii 
[0056] *mfflei£b. ±&ammm®tmmz* 

3. «*.«, R?9ltt]LB8R2 1tt, MhiV9ay 

iiaTWr^i'JamJ:^ fcfc'U ±i£©^ 
BBffi-CttBBIS 7 #W8tt-CB»&*. & tkT J: A>o 

[0 0 5 7] »JOB»«"CHU tHfctS y*QRcDRB 
KBB*Sy #*B*»BU *6>fc*R*rB3J:3fc 
R*3llHUB«S*r»BL"CfcJ:v\ B2©jttWB*© 
^fcR*3lttbBRBt:l(*fcBRT?*>«. SIS©© 
BH*§:y*'«S#Ri*Mvtt>J:v\ Bit^&ib-c 
14, «»©SSfaj§£*ttK^ § y ^Btf OB 9 icftftT 

99Mb U BHat5y^«fi©^M«oBBJi«r«^9l 

muBBSfc-ra. 

[0 0 5 8] <BBBB3. >0 9tt, #HJSJgl§©B 
^BfflB^BftBBt^i-BffiHTiba. #Hlifc^B-e 
tt, Jbft©§SJfc^ffi©¥B#BB#S&fc&&£;h.S. 
--m *Mfc*$5'*BB©BfflfcR-7-3iaiUfl«B 
a«Brtfe*i, Sfefc^fcB^BJlUHRfitfRttfeii 

[0 0 5 9] El 9 &#R-f 5 1 , >y = >-£;R3 1 frb 

£3 5as&WL-cva„ 

[0 0 6 0] y^BBS 5©rafflW3S-©iffe& 

K3 7Sr^-L.r, ^-©BBKtUrwB-T-SltabfflB 

b (■y— fbb) 3 9•cBfc.^^Tv^^ ( „ ^JxtfJte^K3 

7tt«BMbKT*>*», B^3imLBBB3 9Ht5vSrK 

3lffiUfflBB3 9-CB9^-CI4, ±i£©ia8©llffi^lS 
i|in«-CS>5. 

[006 1] ^-©«6BK3 7 ©±JS8»i, y ^ 

«B3 5©*B±9t>Bv^aa>!t(tB-C*»9, TiStt«f 
**5y^BB3 5 0B*te*L.TV^. «*3lfcbLffl 

mB 3 9 ©it«3f+ia©sc^ii, ^ v 9 mm 3 5 1 

©Wlc|®Pfl4 1 Srfc«fCRrt5>ii-CV5. i©BB4 1 
tt. B»'tSJ:5lcB»R3 7©-8iJSr(fe*-reriT? 

[oo6 2]*nif§m m^m\,mmm3 9© 

$e>Jil^B*s, fSr©*6gigi4 3Sr^-L-C, »-©^® 

^-©te^K4 3 tm.it> y = >-cfe i) . 

84 514!) > K-^ufc*ai->!> 3ye*5„ »-© 

iteSK4 3ll. ft^aiffiLfflmB3 9tS-T-**fflBB 



-6- 



I 



4 5 totiS&MMnfati&Pj^-e^z. 

[oo e 3] m : mMmm&4 s<o±^\m, y^rm 

So ±»©«^9lfflbffl«tt3 90jJBlcfc, tortJH 

ic»<>r/jNS!(DStt3iy^4 9 3fts^$nrv>5c 
«*fflas4 5<os«xyi;4 7 w«) to***, 

3lfflLffl««3 9©2tt3:y^4 9 (rtffij) J: 0 t>*# 
<, *l\ *LT\ «7«X«mi4 5 0«±iB*«f 

[0 0 6 4] ±EO«^*a«^lcj3V^Ttt:, IB — <0*Q 
SKiLT<&«*5lffiWB8ffi3 9*S, «Wtx^« 

m®3 9lcS2»®E£f^^S<t, S^^^oT^ 
«^^y^SS3 5^?>S2*^®^5»cU$HS, $ 

*$mi,m&M3 9<D±K(fc®UC*3!9, *Hfcn$</* 

[0 0 6 5] **«6^ffiicJ:fitf, Jd£<o$lttgtt£H 
EL m^3lffl LfflmH 3 9 Srtttfc* ^y^I®3 5 ICjS 

tt 39fc tt»JK«**3fcffl©ffi 4 5 fcRtt fc - 

[0 0 6 6] *HWl(Z)®^8ttti^li, ±i£<DSQifc 

[0 0 6 7] &lc, Bl 0-B1 2£#J£U 

[0068] mi ooxu (i) -mi i<oxm (4) 

■Ctt. WLfcW»!i4*»W J avWKttlfiMt 
£*x5 0 IS (1) -cwtnS!s iS«i:l**>f*ya 
At, Xg (2) n«S«! ! a*tT5 0 wtilcJ:»?S«* 

$ 0 Xm (3) tttWMtBHF (/<y77 K7y 
ft) "Cl>«sr Xg (4) "Ctt, S i 



[0069] &tc* xa (5) - (1 0) -er*. ±iaco 

[0 0 7 0] Xn (5) -Ctt, i/9aytHRttAKlin 
IkK (Jg-<D*6Ii&) gj?(t^l00nm 

r$>So ia (e) ■?tt#BfiS' os-osi© 

SD HWt4. cr-Ctt«BECVD«6K:J:9*lifl^ 

fc**ttia*>gifflUB«« £fts e 
[007 1] xs (7) -cr*. SffcvDSiaDSft 

V9 3^8 (^-Olfi&K) fti|fc8rt-5. REttl 0 0 
nm-Cfo^o **>8L StWjffiCVDttlCi9#JSfti/ 
y=>^ (ir^iii) £i£E}£itS 0 mmni 5 0n 

[0 0 7 2] 01 2fc»9. Xm (8) "Ctt, XS 

(7) *xvi&jSLi,it{hM<Dm&<D&z£v hm<m» 
h^tttti icp^i?e«)tt«oto*cj)»), ^trvia 

K»tt5 3 5 0 r pmtt>5o 

[0073] ::m ±»o**»ffl-cKWLfcj:3 

So iT ftfc*>, e *HlS»ffi"Ctt^«rjc»l>»«^fiS:ll 

^u^hM^<ft«9, «±Kttu^h«j»»*S 
[0 0 7 4] XS (9) X\ts r#«fA^5 3^*>J;U« 

[0 0 7 5] fttc, XS (1 0) l/^ h«r»* 

5 0 iyfy^itt*10 0nmTJbS. miCJ:9, 

[0 0 7 6] Ii (9) - (1 0) Ttt, #«fi5/ya 
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5. l^* HCj£v>«|5#-Cfc5H±Jiffl (£PP. UV* 

[0077] fiii^nis^ic^s^s^iawiijig 

*i£SriaKLfc 0 #H18tfgf§-eii x ->!J=»v«t«firS© 

[0 0 7 81 z<ommmmc%bixz>£?\^ *%mc 

[0 0 7 9] ##llgjgl8l4 % x?;,^ ^ 

m<Dmmmwx®M,i,zmmxz 5£?*atfc5. 
[0080] $ ±m<Dmmmm 

v«f«ilSfiS:SSPIctoiliflJ«jitttt<ii5v\ Z<DH? 

[0081] xmrnrnmh. trnvmnnnB® 



;te>*vct>.fcv\, 

[0082] «r» nmtaem&M Lx®.m Litx? 
[Bfl5©«i|ifcRW] 

0-?*>3„ 

[0 2] ^KwHJS^fSiroS^ftfflffl^^S 

&^-r®rffi0-c*>5. 

[03] 0 2©^«c^@«r«xfc7 7S/ h^/l^ 

y(^zr^ omf&mzTsi-r 0 x$> 3. 

[04] 0 2(O^«:^E©Kit^)fe^i-®-<O0 

[05] H 2 ©i|i»flcK«o»3S*ac**-«B-oB 
XhZ. 

[06] 02©^ftKIS©iaiS*ifeS:*-rS5=ro0 

[0 7] 04~@6W*fe-CO< 5>tl,fcMMfO 

[0 8] *BW©*»ffi2com^Uffl^flsS?B 
Sr^-f-»f®0-e*>5. 

[0 9] *»W»mfiJgffi3©«^ttWffi^»:$gS 
5r^1-t5r®0-Cfc5„ 

[010] 09 n#m#mm*>mtim*9rrm-a 
mxhz. 

[011] 09 ©**#BH©M6^**-*-jR:r© 

0t?&5 o 

[012] 09 ©¥g<fc&Sro§gig;*i££^1-SgZ© 
0-CfeS„ 

[W^-roiftW] 

1, 3 1 5, 3 5 #1*31*3,** 

ffi. 7 9 Sffl^Sy*®^ 1 3, 1 5 

S»X!»y, 19, 2 1, 3 9 m^-3lffiLffl®li, 3 

7 $S-<D*6»BL 4 3 »-©|fi»K, 4 5 
mfflm^, 4 7, 4 9 
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mi) 



102] 




[05] 



[06] 



Ifl (5) 



(USxtm 



4 



Xffl (6? 



1LJ 





4 



XS no) 




[09] 
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Xfi» (2). 


ShN 





4 



Xffi (3) 



Si-N 



8 
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CO 
CD 
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[01 2 j 





